Eight thyroid gland epithelial tumors were found in 7 cows and 1 bull in a retrospective study of thyroid gland lesions in slaughtered cattle. All tumors were classified as ultimobranchial thyroid carcinomas based on morphology and immunohistochemistry. All tumors consisted of solid sheets and nests of polygonal to oval epithelial cells, with more sparsely dispersed colloid-filled follicles. Connective tissue separating nests of epithelial cells varied from delicate fibrovascular stroma to dense collagenous stroma. Fusiform epithelial cells with rare neural fibers and ganglion cells were present in 1 tumor. Cells within solid areas of these tumors were immunoreactive for calcitonin, calcitonin gene-related peptide, neuron-specific enolase, and synaptophysin. Colloid and follicle cells were immunoreactive for thyroglobulin. Few follicle cells also were reactive for calcitonin gene-related peptide. Neoplastic cells invaded the fibrous capsules in all 8 cattle. These tumors represented proliferation of a mixed population of undifferentiated cells, C cells, and thyroid follicular epithelial cells, presumably derived from the thyroid ultimobranchial bodies. These ultimobranchial carcinomas in slaughtered cattle are comparable to ultimobranchial tumors described in dairy bulls and the intermediate type of thyroid gland carcinomas (mixed thyroid medullary carcinomas) described in human beings.
Ultimobranchial thyroid tumors, including those that are familial and those that occur concurrent with pheochromocytomas, 3, 7, 12, 15, 17 are a well-known entity in adult bulls. In a survey of 872 cull dairy bulls, 204 thyroid ultimobranchial tumors were described. 15 In contrast, thyroid gland tumors in adult cows are considered rare. Ten thyroid gland epithelial tumors of uncertain histogenesis were reported in a survey of 370 tumors taken from adult cows of unknown age. 16 Two thyroid gland carcinomas also were reported from adult cows. These 2 tumors were interpreted to be medullary thyroid gland carcinomas of C-cell origin, based on morphology and immunohistochemistry for calcitonin and thyroglobulin. 1 Cystic, cribriform, tubular, follicular, and solid structures are described in ultimobranchial tumors in bulls. Cells immunoreactive for thyroglobulin, calcitonin, or somatostatin are dispersed throughout the tumors. 12 These findings indicate that ultimobranchial tumors in bulls are complex tumors composed of cells that differentiate along at least 2 different pathways to produce C-cells or thyroid follicular cells. 12 The tumors in bulls are comparable to an intermediate type of human thyroid gland carcinoma that has traits of both medullary and follicular carcinoma (mixed med-ullary-follicular carcinoma). 5, 11, 14 The present report is a description of the immunohistochemistry and morphology of 8 thyroid gland epithelial tumors taken at slaughter from 7 adult cows and 1 bull.
Materials and methods
Tissues from lesions detected during routine slaughter and inspection procedures were submitted to the USDA Food Safety and Inspection Service, Eastern Laboratory, for histopathologic examination. These 8 bovine thyroid gland tumors represent 0.05% of the 16,085 bovine lesions submitted from July 1990 to March 1994. Sections of bovine thyroid gland tumors and normal thyroid gland were fixed in 10% neutral buffered formalin for 2-6 days before being embedded in paraffin, sectioned at 5 m, stained with hematoxylin and eosin (HE) and Congo red, and examined by light microscopy. Serial sections of formalin-fixed normal bovine thyroid gland and bovine thyroid gland tumors were prepared for immunohistochemical staining with streptavidinbiotin-alkaline phosphatase. a Sections were mounted on glass slides coated with silane b and deparaffinized in 3 sequential 10-min xylene washes and rehydrated in graded ethanol baths. Slides were then incubated in a citrase solution c and heated in a microwave oven (800 watts) for 2-5 min until the solution came to a boil. After a 6-min incubation period, slides were cooled for 20 min and rinsed several times with deionized water. Slides were then washed twice in phosphate-buffered saline (PBS) and incubated separately with rabbit polyclonal antibodies to human thyroglobulin, calcitonin, somatostatin, d or synthetic rat calcitonin generelated peptide e (CGRP, 1:500 dilution) or with monoclonal antibodies to human neuron-specific enolase (NSE) clone N3 d or synaptophysin clone SY 38. d Slides were incubated with each antibody at room temperature for 30 min except for the antibody to synthetic CGRP, which was incubated at 41 C for 30 min. The sections were washed with PBS and incubated with combined biotinylated anti-mouse and antirabbit immunoglobulins for 20 min at room temperature. Sections were washed twice with PBS, and fast red substrate d was applied for 15 min. Sections were rinsed with deionized water, counterstained with Mayer's hematoxylin for 5 min, rinsed with tap water, and treated with 1% ammonia in water. Sections were covered with Crystal Mount, f dried, and coverslipped with permanent mounting medium. Negative control incubations using murine ascites fluid and Mouse Supersensitive Negative Control d as a first monoclonal antibody resulted in the absence of specific staining in control tissues.
Results
No abnormal antemortem findings were observed in any of the cattle except cow 2, which was presented to the abattoir in an emaciated condition. In seven of the eight affected cattle, inspectors described masses in the anterior cervical region, close to the larynx or trachea (Table 1 ). There was no gross description of such a mass in cow 3. Only in cow 7 was any gross evidence of possible lymph node metastasis suggested, although metastasis was not confirmed by histopathologic examination. With the exception of the tumors in cow 1, all tumors were mophologically very similar, consisting of solid sheets and nests of epithelial cells divided by delicate to coarse fibrovascular stroma. Multiple foci of well-differentiated colloid-filled follicles were sparsely dispersed throughout the mass (Fig. 1 ). The solid areas consisted of dense aggregates of cells arranged in small nests separated by fibrovascular stroma (Fig. 1) . These cells were polygonal to fusiform with finely granular eosinophilic cytoplasm and round to oval centrally placed nuclei. Colloid follicles were lined by cuboidal to columnar epithelial cells with abundant eosinophilic cytoplasm and basally placed oval nuclei. Some follicles were lined by multiple layers of epithelial cells. The tumors were partially encapsulated, and tumor cells invaded the capsule in all tumors. Focally extensive areas of the fibrous stoma were sclerotic, and Congo red stains for amyloid were uniformly negative. Cysts lined by cuboidal epithelium were present in animals 1, 2, 4, and 5. Blood-filled sinusoids were present in cows 2 and 8. In addition to the above features, The tumor in cow 1 was characterized by fusiform cells with small round hyperchromatic nuclei and neural fibers. The cytoplasm of the fusiform cells was immunoreactive with antibodies to NSE and synaptophysin. Rare ganglion cells were dispersed among the neural fibers.
In sections of normal bovine thyroid gland, antithyroglobulin antibody reacted with intense staining in colloid-filled follicles. Thyroid gland follicle cells stained faintly and often only at the apical cytoplasm. Calcitonin and CGRP antibodies identified a much smaller population of cells within follicles and a few cells closely associated with follicles. The distribution of these cells was consistent with parafollicular or C cells. Antibodies to synaptophysin and NSE reacted with parafollicular cells. Anti-somatostatin antibodies repeatedly stained colloid intensely and also stained many follicle cells, reacting nonspecifically in both normal bovine thyroid gland tissue and in thyroid gland tumors, despite the use of numerous blocking reagents.
In all 8 tumors, the colloid within follicles reacted intensely with anti-thyroglobulin antibody ( Table 2 ). The follicle cells reacted with anti-thyroglobulin antibody, although the staining was very faint and usually confined to the apical cytoplasm in all but cow 6 (Fig.  2) . In cow 6, follicle cells did not react with thyroglobulin antibody; only colloid reacted. The antibodies to thyroglobulin did not react with cells in the solid areas of any tumors. In all 8 tumors, anti-calcitonin antibody stained Ͻ1-30% of the cells in the solid areas (Fig. 3) . Anti-calcitonin antibody staining varied from intense cytoplasmic staining in a few cells to faint cytoplasmic staining in a much larger population of cells. A few cells adjacent to follicle cells also reacted with calcitonin antibody.
Cells reacting with antibody to CGRP were more widespread than those reacting with antibodies to calcitonin. In animals 1-4 and 7, some follicle cells reacted to anti-CGRP antibody ( Table 2 ). In addition, more cells in the solid areas reacted faintly to anti-CGRP antibody compared with anti-calcitonin antibody. As with calcitonin antibody, a few cells in the solid areas stained intensely with anti-CGRP antibody (Fig. 4) .
In all 8 tumors, an antibody to NSE reacted diffusely with cells in solid areas and did not react with the follicular epithelium ( Fig. 5) . Similarly, an antibody to synaptophysin stained most cells in the solid areas of the tumor (Fig. 6 ), except in cows 1 and 2, where slightly fewer cells in solid areas were stained ( Table 2 ).
Discussion
In normal bovine thyroid glands, anti-thyroglobulin antibodies stained colloid intensely and the apical cytoplasm of follicle cells faintly. Synaptophysin, NSE, CGRP, and calcitonin antibodies each reacted with the C cells in normal bovine thyroid glands. A previous study demonstrated that calcitonin and CGRP coexist in C cells of normal bovine thyroid glands. 8 In a double immunostaining study of C-cell complexes in young dogs, anti-CGRP, -calcitonin, and -NSE antibodies stained the same population of cells, and this population did not overlap with cells that stained with thyroglobulin antibody. 10 However, in the fetal dog, both thyroid follicle cells and C cells arise from the ultimobranchial bodies. 9 Furthermore, cells cultured from human mixed medullary thyroid gland carcinomas can be induced to produce either thyroglobulin or calcitonin when stimulated appropriately. 13 In another double immunostaining study, colocalization of thyroglobulin and calcitonin was found in the same cells within 8 human medullary thyroid carcinomas. 6 In 2 of these carcinomas, thyroglobulin and calcitonin were detected at metastatic sites, demonstrating that the thy-roid cells were not merely entrapped within a proliferating C-cell tumor.
In the present study, the immunohistochemical staining results for thyroglobulin, calcitonin, CGRP, NSE, and synaptophysin were fairly consistent for all tumors. The cells in the solid areas are likely undifferentiated precursor cells that do not produce calcitonin and do not react with calcitonin or CGRP antibodies mixed with a population of fully differentiated C cells capable of calcitonin production. Foci of fully differentiated follicle epithelial cells capable of thyroglobulin and colloid synthesis make up a much smaller portion of the tumor. Antibodies to CGRP reacted with some neoplastic follicle cells and with C cells in 5 of 8 tumors, indicating that a subset of follicle cells are capable of CGRP synthesis. Double immunostaining would be required to evaluate coexpression of thyroglobulin and CGRP in these follicle cells. Although the thyroglobulin antibody brilliantly stained colloid, follicular cells stained only faintly in normal and neoplastic thyroids. The somatostatin immunohistochemical stain was not helpful because it reacted so strongly with colloid and appeared to stain epithelial cells indiscriminately. Ideally, somatostatin reactivity should have been restricted to a population of C cells. 12 These results in these adult cows are consistent with those reported for ultimobranchial tumors in bulls. 12 An ultimobranchial origin for these tumors would explain the presence of cells reacting to antibodies to thyroglobulin, calcitonin, CGRP, NSE, and synaptophysin in the same tumor. In the present study, the tumors were classified as carcinomas, based on evidence of capsular invasion. There was no evidence of metastasis or spread to adjacent tissues in the sections examined. We cannot rule out the possibility of metastatic sites that may have gone undetected at gross examination. Ultimobranchial carcinomas in bulls are known to invade adjacent structures and metastasize to cervical lymph nodes and occasionally to the lungs. 2 In cow 1, neural differentiation in the tumor was striking, and features of the ultimobranchial tumor and ganglioneuroma were present. Neural differentiation in the form of ganglioneuromas has been described in the thyroid glands of Sprague Dawley rats, comingled with C-cell proliferation. 4 Thyroid gland tumors from the 7 cows in the present study were classified as ultimobranchial carcinomas and are comparable to the carcinoma in the bull included in this study and to carcinomas reported in culled dairy bulls. 12 These tumors are locally invasive and are composed of undifferentiated cells, thyroid follicle cells, and C cells that arise from the ultimobranchial bodies. Whether these cells are derived from the same multipotent precursor cell or represent dual lineage is yet to be determined. The present study indicates that these rare thyroid gland tumors in adult cows are comparable to the more common ultimobranchial tumors in bulls. These findings also support the suggestion that bovine ultimobranchial tumors have a histiogenesis similar to that of the intermediate type of thyroid carcinomas (mixed medullary thyroid carcinomas) described in humans. 2, 12 
